Two factors removed during purification of Escherichia coli ribosomes are required for translation of natural messenger RNA.I Their specific involvement in the transfer of methionine from formyl-met-tRNAF into peptide linkage, with oligonucleotide messengers having an AUG codon at the 5'-terminus, indicates that they are concerned with chain initiation.2 These factors act, at least in part, by enhancing the AUG-mediated binding of formyl-met-tRNAF to ribosomes.2
Two factors removed during purification of Escherichia coli ribosomes are required for translation of natural messenger RNA.I Their specific involvement in the transfer of methionine from formyl-met-tRNAF into peptide linkage, with oligonucleotide messengers having an AUG codon at the 5'-terminus, indicates that they are concerned with chain initiation.2 These factors act, at least in part, by enhancing the AUG-mediated binding of formyl-met-tRNAF to ribosomes. 2 The effect of Mg++ and of formylation of met-tRNTAF On the translation of oligonucleotides containing an AUG codon at the 5'-end is described in this paper. Translation of polyadenylic acid (poly A) and other synthetic polynucleotides which do not contain an initiation codon is not influenced by the initiation factors and requires relatively high (18 mM) Mg++ concentrations. On the other hand, oligonucleotides having the AUG codon at or near the 5'-end, e.g., AUGAAA... .AAA (AUGAO) are efficiently translated at 14 miMi and lower Mg++ concentrations, provided the initiation factors are present. We have further found that, at low Mg++ concentrations (5-8 mM), formylation of met-tRNAF is essential both for binding to ribosomes and for the transfer of methionine into peptide linkage.
Materials and Methods.-These were as in previous work2 unless otherwise stated. Ribosomes, supernatants, and transfer enzymes: Ribosomes from E. coli Q13 were purified by O-(diethylaminoethyl) cellulose (DEAE-cellulose) chromatography as in previous work.2 Supernatant fractions were prepared from Lactobacillus arabinosus3 as well as from E. coli Q13. Transfer enzymes free of transformylase activity were prepared from E. coli Q13 supernatant by ammonium sulfate precipitation between 35 and 65% saturation followed by dialysis and DEAE-cellulose chromatography. 4 The fraction eluted between 0.1 and 0,2 M potassium phosphate, pH 7.4, was concentrated by precipitation with ammonium sulfate at 80% saturation and dialyzed overnight against 0.01 M potassium phosphate, pH 7.4 For the routine assay of the activity of the factors the stimulation of lysine incorporation into acid-insoluble material directed by MS2 RNA was followed.' Protein was determined spectrophotometrically.5 After the DEAE-cellulose step both F, and F2 can be kept frozen for several months without loss of activity. However, after the hydroxylapatite step, F2 loses activity on freezing. It canl be kept at 40 for about 2 weeks. When heated in buffer B, F2 loses over 90% of its activity in ;5 min at 500; F, loses about 90%/o of its activity in .5 min at 700. However, when heated at higher salt concentrations (0.08 M NH4Cl, 0.06 M Tris-HCl, pH 7.8), F, loses only 10-20% of its activity in5 min at 85°. Both factors have very low nuclease activity.
Transfer RNA: The formylmethionine-accepting species of tRNA (tRNAF) was obtained from E. coli B as previously described.' Formyl-met _ tRNAF and met tRNAF were prepared by acylation6 of the tRNAF fraction with C'4-methionine (specific radioactivity 187 jc/,umole) in the presence or absence of N'0-formyltetrahydrofolic acid, respectively. The methionyl-tRNA synthetase and transformylase were prepared from E. coli Q13 supernatant essentially as described by Marcker.7 The fraction eluted from a J)EAE-cellulose column between 0.05 and 0.15 M potassium phosphate, pH 7.4, free of formyl donor, was used. The methionine residue in formyl-met tRNAF, after release of the formyl methionine by hydrolysis at pH 11.5 for 20 min at 370, was shown by electrophoresis8 to be 9.5% formylated. In the same way, met tRNAF was found to be 98% unformylated. H3 is much greater than that of the factor-independent incorporation of lysine and threonine with A4CAl-. With AUGAI-the lysine to methionine ratio is close to the value expected from its chain length. However, with A4CA1-the ratio of lysine to threonine is far greater than the theoretical value.
Effect of formylation: (a) Binding of formyl-met-tRNAF and met-tRNAv to ribosomes: The binding of formyl-met-tRNAF and met-tRNAF to ribosomes was studied in order to elucidate the role of formylation on this reaction. As previously shown,2 at 5 mM Mg++ the binding of formyl-mettRNAF is completely dependent on the factors (Fig. 2A) . In contrast, unformylated mete tRNAF does not bind to the ribosomes at this magnesium concentration whether in the absence or presence of factors ( Fig. 2A) . On the other hand, at 10 mM Mg++ (Fig. 2B) there is some binding of formyl-niet-tRNAF in the absence of factors. It may also be seen in Figure 2B that unformylated met-tRNAF binds at 10 mM Mg++, but this binding is not stimulated by the factors.
(b) Transfer of methionine from formyl-met-tRNA F or met--tRNA F into peptide linkage: As seen in Figure 3 , the transfer of methionine from formyl-met~-tRNAF is completely dependent on the presence of initiation factors either at 8 or 14 m.M Mg++. In contrast, the transfer of methionine from met-tRNAF in a system devoid of transformylase is negligible at 8 mM Mg++ whether in the absence or presence of factors. At 14 mM Mg++ the methionine transferred is higher than at 8 mlVI++ and a small stimulation by factors is observed. However, even after 20 minutes of incubation in the presence of factors, the amount of methionine transferred from met-tRNAF is only 20-25 per cent of that transferred from formylmet-tRNAF. A further increase in the Mg++ concentration to 18 mM did not increase the methionine incorporated from met-tRNAF.
Recently, it was shown that, at low Mg++ concentrations (5-8 mM), the translation of random poly AUG" as well as that of natural messengers,'2' 13 is dependent on the presence of a formyl donor. The results presented here indicate that the initiation factors do not function with unformylated met--tRNAF. At low Mg++ concentrations, the binding of met-tRNAF to ribosomes as well as the transfer of methionine from met-tRNAF into peptide linkage is negligible in the absence or presence of initiation factors.
